04/06/2006 THU 13:35 FAX 6173674656 



(2)041/068 



BEST AVAILABLE COPY 



(19) 



J 



Europaisches Patents mt 
European Patent Office 
Office europeen des brevets 



(n) 



EP1 159 934 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) IntCI. 7 : A61F2/06 


05.12.2001 Bulletin 2001/49 


(21) Application number 01112897.2 




(22) Dale of filing: 01 .06.2001 




(84) Designated Contracting States: 


(71) Applicant: TERUMO KABUSHIKI KAESHA 


AT BE CH CY DE DK ES R FR GB QR IE IT U LU 


Tokyo 151 (JP) 


MC NLPTSE TR 




Designated Extension States: 


(72) Inventor Suglmoto, Ryota 


AL LT LV MK RO SI 


Nakai-machi, Ashigarakami-gun, Kanagawa (JP) 


(30) Priority: 01.06.2000 JP 2000164037 


(74) Representative: Casalonga, Axel et al 


08.05.2001 JP 2001137449 


BUREAU DA. CASALONGA - JOSSE 




Morasslstrasse 8 




80469 MUnchen (DE) 



s 



a 

LU 



(54) Implantable tubular device (stent) 

(57) An implantable tubular device (1 ) is formed as 
a substantially tubular body and has a deformable por- 
tion (1 1 ) formed on a peripheral surface thereof, with the 
deformable portion (11) forming a predetermined angle 
with respect to an axial direction of the implantable tu- 
bular device (1). The Implantable tubular device (1) in- 
cludes a plurality of wavy annular members each formed 
of a wavy element and arranged in an axial direction of 
the implantable tubular device; and connection portions 
each connecting the wavy annular members to each 
other in the axial direction of the implantable tubular de- 
vice. Each of the wavy annular members has a deform- 
able portion 11 formed on a bent portion thereof not con- 
nected to the other wavy annular members in such a 
way that the deformable portion crosses the wavy an- 
nular member. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an Implantable 5 
tubular device such as a stent to be implanted in human 
body such as a blood vessel, a bite duct, a trachea, an 
esophagus, an ureter, and internal organs to Improve a 
stenotic lesion or a total occlusion formed in the lumens. 
[0002] To cure various diseases that are caused when 10 
the blood vessel or lumens are stenosis or occlusion, 
the stent which is a tubular-shaped medical appliance 
Is Implanted at the stenotic lesion or the total occlusion 
to expand them and secure the lumen thereof. 
[0003] The stent is classified into a self-expandable is 
stent and a balloon expandable stent, depending on the 
function thereof and an implantation method. The bal- 
loon expandable stent Itself has no dilating function. Af- 
ter the balloon expandable stent is inserted into a target 
lesion, a balloon expanded inside the stent in an extent so 
almost equal to the normal diameter of the lumen of the 
target lesion is Inflated to dilate (plastic deformation} the 
stent by the inflation force of the balloon so that the stent 
comes in close contact with the inner surface of the tar- 
get lesion. 2s 
[0004] To deliver the stent to a desired portion of a 
human body, it is necessary that the mounted balloon 
and the stent are flexible. As a method of Improving the 
flexibility of an approximately tubular stent having a plu- 
rality of annular units disposed axlally and joining por- 30 
ttons joining adjacent annular units to each other, the 
method of reducing the number of joining portions (ar- 
ticulation) disposed between the adjacent annular units 
Is known(i.e. mono-link stent). 

[0005] However, this method is incapable of improv- 35 
ing the flexibility of the annular unit. Therefore, there is 
a demand for the development of an implantable device, 
such as a stent to be implanted In lumens, which Is flex- 
ible so that it can pass smoothly through a curve portion 
of the human body. 40 
[0006] The present Invention has been made to solve 
the above-described problem. Therefore, ft Is an object 
of the present Invention to provide an implantable tubu- 
lar device, for example, a stent having a deformable 
portion to improve the flexibility of an annular unit of the *s 
device so that the device can pass easily through a bent 
portion of a human body 

SUMMARY OF THE INVENTION 

so 

[0007] The object described above is attained by an 
implantable tubular device formed substantially tubular 
and having a deformable portion formed on a peripheral 
surface thereof. The deformable portion forms a prede- 
termined angle with respect to an axial direction of said 55 
device and being easy to deform in comparison with a 
remainder part of said device. 
[0008] Also, the object described above Is attained by 



an implantable tubular device that is formed as a sub- 
stantially tubular body having a diameter so set that said 
device can be inserted into a human body and capable 
of dilating radially upon application of a force acting ra- 
dially outwardly from an interior of said tubular body. The 
device comprises a plurality of wavy annular members 
each formed of a wavy element and arranged in an axial 
direction of said device and connection portions each 
connecting said wavy annular members to each other 
In the axial direction of said device wherein each of said 
wavy annular members has a deformable portion 
formed on a bent portion thereof not connected to the 
other wavy annular members in such a way thai said 
deformable portion crosses said wavy annular member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 1s a front view of an Implantable tubular device 
according to an embodiment of the present Inven- 
tion. 

Rg. 2 is a development view of the implantable tu- 
bular device of Fig. 1 . 

Rg. 3 is a partly enlarged front view of the Implant- 
able tubular device of Rg. 1 . 
Rg. 4 is a front view of an implantable tubular device 
according to another embodiment of the present in- 
vention. 

Rg. 5 Is a development view of the Implantable tu- 
bular device of Rg. 4. 

Fig. 6 is a partly enlarged front view of the implant- 
able tubular device of Fig, 4. 
Fig. 7 is an explanatory view for describing an Im- 
plantable tubular device of another embodiment of 
the present invention. 

Fig. B is an explanatory view for describing an im- 
plantable tubular device of still another embodiment 
of the present Invention. 

Rg. 9 is an explanatory view for describing a meth- 
od of measuring flexibility of the implantable tubular 
device of the present invention. 
Fig. 10 is a front view of an Implantable tubular de- 
vice according to still another embodiment of the 
present invention. 

Rg. 11 Is a partly enlarged view of the Implantable 
tubular device shown in Fig. 10. 
Fig. 12 Is a sectional view taken along a line A-A of 
Fig. 11. 

Fig. 1 3 is an explanatory view for describing an im- 
plantable tubular device according to still another 
embodiment of the present Invention. 
Rg. 1 4 is a front view of an implantable tubular de- 
vice according to still another embodiment of the 
present Invention. 

Rg. 15 is a partly enlarged view of the implantable 

tubular device shown In Fig. 14. 

Rg. 16 is a sectional view taken along a line B-B of 



55 
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Fig. 15. 

Fig. 17 is an explanatory view for describing an Im- 
plantable tubular device according to still another 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 0] An embodiment of the Implantable tubular de- 
vice of the present Invention (hereinafter referred to as 
mostfy 'device") will be described below with reference 
to the drawings. 

£001 1] An implantable tubular device 1 of the present 
Invention to be Implanted in a lumen Is formed substan- 
tially tubular and has an easy deformable portion formed 
on a peripheral surf ace the re of, with the deformable por- 
tion forming a predetermined angle with respect to the 
axial direction of the device 1 . It can be said that the 
deformable portion is a weak portion or a thin portion. 
The deformable portion is easy to deform in comparison 
with a remainder part of the device 
[0012] Because the implantable tubular device 1 of 
the present invention has the deformable portion, the 
implantable tubular device has a high flexibility and can 
pass through a bent or curved portion of a human body 
easily and leaves little hysteresis of deformation which 
occurs at the time of insertion thereof in the human body. 
[0013] The implantable tubular device of the present 
invention to be implanted in lumens of the human body 
includes a stent and a stent graft that Is used to improve 
a stenotic lesion or a total occlusion formed In the lu- 
mens such as a blood vessel, a bile duct, a trachea, an 
esophagus, an ureter, end the like. 
[0014] The deformable portion includes a portion 
which is thinner than the other portion (undeformabfe 
portion) of the device and thus more flexible than the 
other portion; a portion which has pores and is thus more 
flexible than the other portion (undeformable portion) of 
the device; or a portion which is made of a material hav- 
ing a lower strength than the other portion (undeforma- 
bie portion) of the device and Is thus more frail than the 
other portion. The deformable portion of the implantable 
tubular device 1 shown in Fig. 1 forms a predetermined 
angle with respect to the axial direction of the device. 
Accordingly, the implantable tubular device can be 
curved easily along a curved portion formed In a lumen. 
The deformable portion Is so formed that it makes a pre- 
determined angle with respect to the axial direction of 
the device. In other words, the deformable portion Is so 
formed that it is not parallel with the axial direction of the 
device. Therefore, when the implantable tubular device 
is inserted into the human body and diametrically en- 
larged, the deformable portion does not cause the de- 
vice to be broken. 

[001 5] An embodiment of the Implantable tubular de- 
vice of the present invention will be described below with 
reference to Fig. 1 . 

[001 6] The implantable tubular device of the present 



Invention is formed as a substantial tubular body. The 
implantable tubular device 1 has a cflameter so set that 
it can be inserted into a lumen in the human body and 
can dilate radially upon application of a force acting ra- 

s dially outwardly from the interior of the tubular body. The 
implantable tubular device has a plurality of wavy annu- 
lar members each formed of a wavy element and ar- 
ranged in the axial direction thereof ; and connection por- 
tions each connecting the adjacent wavy annular mem- 

10 bers to each other in the axial direction thereof. The 
wavy annular member has the deformable portion 
formed on a bent portion thereof not connected to the 
other wavy annular members in such a way that the de- 
formable portion crosses the wavy annular member. 

15 [0017] In this embodiment, the implantable tubular 
device consists of a stent 1 . 

[0018] The implantable tubular device (stent) 1 is a 
so-called balloon expandable stent. That is, the stent 1 
is formed as substantially tubular body and has a dlam- 
£0 eter so set that the stent 1 can be inserted into the hu- 
man body. The stent 1 can dilate radially outwardly upon 
application of a force acting radially outwardly from the 
interior of the tubular body. 

[001 9] The stent 1 has a frame structure. The stent 1 

25 of the embodiment Includes annular units 31 , 32, 33, 34, 
35, 36, 37, 38, 39, 40, 41 , and 42 each consisting of a 
first wavy annular member 2a annutarly formed of a 
wavy element (preferably having no edge); a second 
wavy annular member 2b disposed in the axial direction 

30 of the stent 1 in such a way that a mountain thereof is 
proximate to a valley of the first wavy annular member 
2a and annul arty formed of a wavy element (preferably 
having no edge); and a plurality of connection portions 
4 (preferably having no edge) connecting the valley of 

35 the first wavy annular member 2a and the mountain of 
the second wavy annular member 2b to each other. The 
stent 1 further includes Joining portions 51, 52, 53, 54, 
55, 56, 57, 58, 59, 60, and 61 (preferably having no 
edge) arranged in the axial direction of the stent 1 and 

40 each connecting the wavy elements (the second wavy 
annular member 2b and the first wavy annular member 
2a) of the adjacent annular units to each other. It can be 
said that the stent 1 is a tubular body constructed of a 
plurality of annular units connected to each other with 

45 the joining portions. In the stent 1 of the embodiment, ft 
can be also said that one annular unit Is annularty 
formed of a plurality of rhombic elements annularty ar- 
ranged. 

[0020] As shown In Fig. 1 and Fig. 2 which is a devel- 
50 oped view of Fig. 1 , each of the first wavy annular mem- 
ber 2a and the second wavy annular member 2b Is con- 
structed of an tubularly continuous endless wavy mate- 
rial having six mountains and valleys. Preferably, the 
number of the mountains (or valleys) of the tubular bod- 
55 fee is four to seven. Each of a plurality of short connec- 
tion portions connects the valley of the second wavy an- 
nular member and the mountain of the second wavy an- 
nular member 2b disposed In the axial direction of the 
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stent 1 in such a way that the mountain thereof is prox- 
imate to the valley of the first wavy annular member 2a. 
In this manner, one annular unit is constructed. In the 
embodiment, the connection portions 4 connect ail the 
vaJleys of the second wavy annular member and all the 
mountains of the second wavy annular member 2b to 
each other. One annular unit has six (equal to the 
number of mountains or valleys of the tubular body) con- 
nection portions 4. 

[0021 ] It Is preferable that the material for the stent 1 
has a certain degree of compatibility with an organism. 
For example, it is possible to use stainless steel, tanta- 
lum or tantalum alloys, platinum or platinum alloys, gold 
or gold alloys, and cobalt base alloys. It is preferable to 
plate the stent with a noble metal such as gold and plat- 
inum after the stent is fabricated into a final shape. As 
the stainless steel, SUS 31 6L most corrosion-resistant 
of the above metals can be preferably used. 
[0022] It i3 preferable to anneal the stent 1 after it is 
fabricated Into the final shape. Annealing improves the 
flexibility and plasticity of the entire stent so that the 
stent can be effectively implanted in a curved blood ves- 
sel. As compared with a non -annealed stent, the an- 
nealed stent has a lowerforce of restoring to an original 
state after it is dilated and has a lower force of restoring 
to an original linear state when It Is dilated at a curved 
portion of a blood vessel. This minimizes physical stim- 
ulation to the inner wail of the curved blood vessel, thus 
reducing the cause of a recurrence of stenosis. The 
stent Is preferably annealed by heating it to 900 to 1 200 
°C In an inert gas atmosphere (e.g., a mixture gas of 
nitrogen and hydrogen) so that no oxide film is formed 
on the surface of the stent and then slowly cooling it. 
[0023] The stent 1 has a diameter of favorably 0.8 to 
1 .6 mm and more favorably of 1 .0 to 1 .6 mm In an un- 
diiated state. The stent 1 has a length favorably of 9 to 
40 mm In an undilated state. The length of each of the 
wavy annular members 2a, 2b has a length of 0.7 to 2.0 
mm. The length of each of the annular units 31 through 
42 is favorably 1 .5 - 4.0 mm and more favorably 2.0 • 
3.0 mm. The length of each connection portion 4 is fa- 
vorably 0.01 - 0.5 mm. The number of the annular units 
31 through 42 is 3 to 50. The constituent elements (an- 
nular member) of the adjacent annular units have an ax- 
ial overlap length of about 0.5 to 1 mm. The distance 
between the center of one annular unit and that of the 
annu lar unit adjacent thereto is preferably 1 .3 to 2.5 mm. 
The length of each of the Joining portions 51 , 52, 53, 54, 
55, 56, 57, 58, 59, 60, and 61 is preferably 1.4 to 2.7 
mm. The angle of inclination (the angle of Inclination of 
the joining portion with respect to the longitudinal Direc- 
tion of the stent in a development view) of each of the 
Joining portions 51 through 61 with respect to the axis 
of the stent is favorably 0° to 30° and more favorably 5° 
to 25°. 

[0024] The thickness of each of the wavy annular 
members 2a, 2b of the stent 1 and that of each of the 
Joining portions 51. 52, 53, 54, 55, 56, 57, 58, 59, 60, 



and 61 are favorably 0.05 to 0.15 mm and more favora- 
bly 0.08 to 0.12 mm. The width of each of the wavy an- 
nular members 2a, 2b and that of each of the joining 
portions 51 , 52, 53, 54, 55, 56, 57, and 58 are favorably 

5 0.07 to 0.15 mm and more favorably 0.08 to 0.12 mm. 
The thickness of the connection portion 4 of the stent 1 
is favorabry 0.05 - 0.12 mm and more favorably 0.06 - 
0.10 mm. The width of the connection portion 4 of the 
stent 1 Is favorably 0.01 - 0.05 mm and more favorably 

10 o.02 to 0.04 mm. The sectional area of the connection 
portion 4 is favorably 1/50 to 1/2 of that of the other parts 
(annular member and joining portion) and more favora- 
bly 1/20 to 1/1 0 of that of the other parts. 
[0025] The stent 1 has the deformable portion formed 

19 on the wavy annular member constructing the stent 1 . 
More specif Icalty, the deformable portion is formed on a 
bent portion of the wavy annular member not connected 
to the other wavy annular members in such a way that 
the deformable portion crosses the wavy annular mem- 

20 ber. Therefore, the free bent portion of the wavy annular 
member not connected to the other wavy annular mem- 
bers is allowed to deform easily. Further, a deformation 
hysteresis that occurs when the stent 1 is inserted into 
the human body does not remain In the free bent portion. 

6 The deformable portion Is entirely formed on the stent 
1 to deform the entire stent easily. 

[0026] The deformable portion Is formed on the bent 
portion of the wavy annular member not connected to 
the other wavy annular members in such a way that the 

so deformable portion crosses the wavy annular member. 
More specifically, when the deformable portion is 
viewed in the axial direction of the wavy annular mem- 
ber, namely, in the axial direction of the stent (device), 
the deformable portion is formed on the bent portion of 

35 the wavy annular member not connected to the other 
wavy annular members in such a way that the deform- 
able portion crosses the wavy annular member. That is, 
the deformable portion forms 20 - 90* and favorabry 70 
- 90° with the axial direction of the device. In the embod- 

40 fment, the deformable portion Is almost orthogonal 
(90* ) to the axial direction of the device. 
[0027] The deformable portion .is formed in such a 
way that when the deformable portion Is prolonged, it 
continuously goes around the periphery of the device. 

& That is, when the deformable portion Is prolonged, it 
forms an endless annular configuration. Further the de- 
formable portions are formed on the bent portion of the 
wavy annular member in such a way that they are sub- 
stantially parallel with one another. Thereby the lmplant- 

so able tubular device has substantially annular grooves. 
Thus the implantable tubular device is prevented from 
being bent in a particular direction. That is, the implant- 
able tubular device Is capable of easily flexing in any 
directions. 

ss [0028] The depth of a groove 11a is not definite but 
different according to the cfiameter and thickness of the 
stent The depth of the groove 1 1 a is favorably 5 - 50% 
of the thickness of the device and more favorably 10 - 
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20% thereof. The width of the groove 11a Is favorably 
1 urn - 1 OOpm and more favorably 5[xm - SOjim. It Is pref- 
erable that the interval between the adjacent deforma- 
ble portions (the interval between the grooves, namely, 
the interval between the grooves in the axial direction of 
stent) is much shorter than the axial length of the annular 
unit. Thus it is preferable that the interval between the 
adjacent deformable portions is 1/80 - 1/8 of the axial 
length of the annular unit to improve the flexibility of the 
annular unit In the case of the stent 1 of the embodi- 
ment, the interval between the adjacent grooves of the 
stent 1 is favorably 0.01-1 mm and more favorably O.05 
- 0.5mm. The deformable portions (groove 11a) 11 of 
the stent 1 of the embodiment are formed at regular in- 
tervals but may be formed at irregular intervals or at reg- 
ular intervals in one region and at irregular intervals in 
other region. 

[0029] The interval between the adjacent grooves In 
the axial direction of the stent doe3 not necessarily have 
to be uniform. For example, the interval between the ad- 
jacent grooves at both axial ends of the stent 1 may be 
different from that between the adjacent grooves at the 
axial central portion thereof to vary the flexibility of the 
stent 1 , depending on a portion thereof. More specifical- 
ly, the Interval between the adjacent grooves may be 
short at both axial ends of the stent 1 and long at the 
axial central portion thereof to allow both axial ends of 
the stent 1 to be more flexible than the axial central por- 
tion thereof. 

[0030] The groove 11 a of the embodiment is formed 
on only the outer surface of the stent (device) 1 . But the 
groove 11a may be formed on only the inner surface 
thereof or on both the outer and inner surfaces thereof, 
in the case where the groove 11 a Is formed on both the 
outer and inner surfaces of the substantially tubular 
body, It is not preferable to form the grooves on concen- 
tric circles of the tubular body to prevent the groove 
formed on the outer surface thereof and the groove 
formed on the inner surface thereof from being coinci- 
dent with each other in the axial direction of the tubular 
body. Thereby the deformable portion does not cause a 
low-strength portion to be formed on the device. 
[0031] The implantable tubular device (stent) is 
. formed as a frame structure by removing a portion of a 
tubular body (metal pipe) other than a portion thereof 
which is to be formed as a frame structure. For example, 
the stent is formed by removing an unnecessary portion 
from a metal pipe by using an etching process, known 
as photo-fabrication, using a mask and chemicals; elec- 
tric discharge machining; mechanical machining using 
a die; or laser machining method. After the frame struc- 
ture is prepared, it is preferable to polish the edge of the 
frame structure by using chemical polishing or electro- 
polishing. 

[0032] The m ethod of processing th e groove 1 1 a (de- 
formable portion 11) will be described below. 
[0033] The groove 11a may be formed after a cylin- 
drical member formed from the above-described form- 



ing material is processed into the shape of the stent; 
before the cylindrical member is processed into the 
shape of the stent; or at the time when the cylindrical 
member is processed Into the shape of the stent. The 

-s groove 11a is formed by laser processing method of 
processing the groove by emitting laser to the cylindrical 
member, etching method using photoresist technique or 
mechanical machining. After the groove 11 a is formed, 
it is preferable to polish the surface of the groove by us- 

10 ing chemical polishing or electro-polishing. 

[0034] In the case where the groove is formed on the 
inner surface of the stent 1 (in the case where the de- 
formable portion is formed from the inner surface of the 
stent 1), it is preferable to use a method of forming a 

15 thread groove on the inner surface of the cylindrical 
member by using a tap. 

[0035J In the above embodiment, the annular units 
are connected with each other with one joining portion, 
i.e., the stent of mono-link type has been exemplified. 

so But the annular unfte may be connected with each other 
with a plurality of joining portions. That is, the stent of 
the present Invention may be of link type. 
[0036] The deformable portion does not necessarily 
have to consist of the groove but may consist of a thin 

2$ portion having a predetermined width. 

[0037] Another embodiment of the implantable tubu- 
lar device of the present invention wiD be described be- 
low. 

[0038] Fig. 4 is a front view of a stent according to 
30 another embodiment of the present Invention. Fig. 5 is 
a development view of the stent of Fig. 4. Fig. 6 is a 
partly enlarged front view of the stent of Rg. 4. 
[0039] The implantable tubular device of this embod- 
iment Is different from the above-described embodiment 
S3 in that a stent 10 and a deformable portion 13 of this 
embodiment are different from the stent 1 and the de- 
formable portion 1 1 of the above-described embodiment 
respectively. 

[0040] In the stent 1 0, the deformable portion 1 3 is so 
40 formed that when the deformable portion is prolonged, 
a spiral is formed on the peripheral surface of the device. 
Preferably, the number of spirals Is 1 - 500. In this em- 
bodiment, the number of spirals is 34. When a plurality 
of spirals are formed, the interval between adjacent spi- 
45 rate (grooves) in the axial direction of the stent is pref- 
erably 0.06 - 0.5mm. The inclination of the spiral with 
respect to the axial direction of the stent is preferably 60 
-80°. 

[0041] The depth of a groove 13a is not definite but 
so different according to the diameter and thickness of the 
stent The depth of the groove 13a is favorably 5 - 50% 
of the thickness of the device and more favorably 10 - 
20% thereof. The width of the groove 13a is favorably 
1 urn - 1 0Opjn and more favorably 5uxn - 1 0um. 
55 [0042] The inclination of the spiral formed by the 
groove with respect to the axial direction of the stent, in 
other words, the pitch between the adjacent spirals 
formed by the groove does not necessarily have to be 
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equal to each other. For example, the pitch between the 
adjacent spirals at both axial ends of the stent 10 may 
be different from that between the adjacent spirals at the 
axial central portion thereof to vary the flexibility of the 
stent 10, depending on a portion thereof. More specif i- 
calty, the pitch between the adjacent spirals may be 
short at both axial ends of the stent 1 0 and long at the 
axial central portion thereof to allow both ends of the 
stent 1 0 to be more flexible than the axial central portion 
thereof. 

[0043] The groove 13a of the present invention is 
formed on only the outer surface of the stent (device) 
1 0. But the groove 1 3a may be formed on only the inner 
surface thereof or on both the outer and inner surfaces 
thereof. In the case where the groove 13a is formed on 
both the outer and inner surfaces of the substantially 
tubular body, it Is preferable to prevent the groove 
formed on the outer surface thereof and the groove 
formed on the inner surface thereof from being coinci- 
dent with each other in the axial direction of the tubular 
body. Thereby the deformable portion does not cause a 
low-strength portion to be formed on the device. The de- 
formable portion does not necessarily have to consist of 
the groove but may consist of a thin portion having a 
predetermined width. 

[0044] The deformable portion 1 3 of the stent 1 0 can 
be formed by the methods that are used to form the 
above-described deformable portion 11 of the stent 1. 
[0045] In addition, the implantable tubular device of 
the present invention may be produced from a spiral de- 
formable portion-provided tubular body formed by con- 
necting axlally adjacent coded wire members to each 
other directly or indirectly. In this case, the implantable 
tubular device of the present Invention Is formed as a 
frame structure by removing a portion of the prepared 
tubular body other than a portion thereof which is to be 
formed as the device. 

[0046] Rg. 7 shows the tubular body, composed of the 
coiled wire member, which is used as the device of the 
present invention with solid lines. Rg. 7 also shows the 
frame structure formed by removing the portion of the 
tubular body other than the portion thereof which Is to 
be formed as the Implantable tubular device with broken 
lines. 

[0047] The tubular body is produced by directly or in* 
directly connecting adjacent colled wire members 21 to 
each other in the axial direction of the coil. The tubular 
body has the spiral deformable portions 15. 
[0048] The thickness of a connection portion 1 6 of the 
tubular body 20 is formed smaller than the diameter of 
the wire member 21 to deform the connection portion 
16 more easily than the body of the wire member 21 . 
The wire members 21 adjacent to each other in the axial 
direction of the coil may be connected to each other di- 
rectly (direct connection) by welding or the like or indi- 
rectly (indirect connection) through other member hav- 
ing a high flexibility. In the direct and indirect connec- 
tions, the entire adjacent surfaces of the wire members 



21 do not necessarily have to be connected to each oth- 
er but a part of the adjacent surfaces thereof can be con- 
nected to each other 

[0049] The thickness of the deformable portion 15 

5 does not necessarily have to be smaller than the diam- 
eter of the wire member 21 , provided that the implanta- 
ble tubular device can deform (flex) easily, with the de- 
formable portion acting as the point of origin of the de- 
formation. For example, the thickness of me deformable 

to portion 1 5 may be almost equal to the diameter of the 
wire member 21 by interposing other member between 
the adjacent wire members 21 . 
[0050] The tubular body 20 has a diameter favorably 
0.B mm to 1 .8 mm and more favorably 1 .0 mm to 1 .6 

is mm. Trie axial length of the tubular body is favorably 3 
mm to 50mm and more favorably 5 mm - 30mm. 
[0051] The wire member has a diameter favorably 
0.01 to 0.2mm and more favorably 0.05 to 0.1mm. The 
interval between the adjacent wire members Is favorably 

so o to 0.5mm and more favorably 0 - 0.1 mm. It is prefer- 
able to make the wire member of a material similar to 
the material for the stent 1. 

[0052] As the method of shaping the implantable tu- 
bular device, in other words, as the method of producing 

25 the frame structure by removing the portion of the pre- 
pared tubular body other than the portion thereof which 
is to be formed as the device, etching method known as 
photo-fabrication, using a mask and chemicals; electric 
discharge machining using a die; mechanical machining 

30 or laser processing method can be used. 

[0053] The Implantable tubular device of this embod- 
iment can be easily bent from the deformable portion 
which is formed at the connection portion of the adjacent 
wire members 21 . Thus the Implantable tubular, device 

35 can pass smoothly through a bent portion of the human 
body. 

[0054] Further the implantable tubular device of the 
present invention may be produced from an annular de- 
formable portions-provided tubular body formed by di- 

40 rectly or Indirectly connecting ring members so disposed 
parallel to each other as to form a cylindrical shape. In 
this case, the Implantable tubular device of the present 
Invention Is formed as a frame structure by removing a 
portion of the prepared tubular body other than a portion 

*s thereof which Is to be formed as the device. 

[0055] Fig. 8 shows the tubular body, composed of a 
plurality of ring members, which is used as the implant- 
able tubular device of the present invention with solid 
lines. Fig. 8 also shows a frame structure formed by re- 

50 moving the portion of the prepared tubular body other 
than the portion thereof that is to be formed as the im- 
plantable tubular device with broken lines. 
[0056] The tubular body 30 is produced by directly or 
indirectly connecting a plurality of ring members 23 dis- 

55 posed parallel with one another. The tubular body 30 
has a plurality of annular deformable portions 1 7 formed 
between the adjacent ring members 23. A plurality of 
the deformable portion 1 7 are formed in connection por- 
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tions 1 8 of the adjacent ring members 23 by connecting 
the ring members 23 to each other In the axial direction 
of a stent 30. Each defomnable portion 1 7 is endless and 
annular. 

[0057] The ring members 23 adjacent to each other 
in the axial direction of the stent may be connected to 
each other directly (direct connection) by welding or the 
like or indirectly (Indirect connection) through other 
member having a high flexibility. In the direct and indirect 
connections, the entire adjacent surfaces of the ring 
members 23 do not necessarily have to be connected 
to each other but a part of the adjacent surfaces thereof 
can be connected to each other. 
[0058] The thickness of the defomnable portion 17 
does not necessarily have to be smaller than the diam- 
eter of the ring member 23, provided that the Implanta- 
ble tubular device can deform (flex) easily, wan the de- 
formable portion acting as the point of origin of the de- 
formation. Forexampte, the thickness of the deformabte 
portion 17 may be almost equal to the diameter of the 
ring member 23 by interposing other member between 
the adjacent ring members 23. 

[0059] The tubular body 30 has a diameter favorably 
0.8 to 1 .8 mm and more favorably 1 .0 to 1 .6 mm. The 
axial length of the tubular body is favorably 3 to 50mm 
and more favorably 5 - 30mm. 

[0060] A wire material forming the ring member 23 
has a diameter favorably 0.01 to 0.2mm and more favo- 
rably 0.05 to 0.1 mm. The Interval between the adjacent 
ring members is favorably 0 to 0.5mm and more favo- 
rably 0 - 0.1 mm. It is preferable to make the ring member 
of a material similar to the material for the stent 1 . 
[0061] As the method of shaping the implantable tu- 
bular device, in other words, as the method of producing 
the frame structure by removing the portion of the pre- 
pared tubular body other than the portion thereof which 
is to be formed as the device, etching method known as 
photo-fabrication, using a mask and chemicals; electric 
discharge machining using a die; mechanical machining 
or laser processing method can be used. 
[0062] The implantable tubular device of this embod- 
iment can be easily bent from the deformable portion 
which Is formed atthe connection portion of the adjacent 
ring members 23. Thus the implantable tubular device 
can pass through a bent portion of the human body. 
[0063] The balloon expandable stent has been de- 
scribed in the embodiment. But the present invention is 
applicable to the self-expandable stent. 
[0064] The implantable tubular device may carry a 
medicine or a bloprosthetic materiaJ(in other words, ma- 
terial originated inorganism or biosynthesis material). At 
least one part of the outer surface of the device may be 
coated with a coating material made of a biocompatible 
material, a biodegradable material or synthetic resin. At 
least the outer surface of the deformable portion may 
be entirely coated with the coating material made of the 
biocompatible material, the biodegradable material or 
the synthetic resin. 



[0065] Fig. 1 0 is a front view of an implantable device 
according to still another embodiment of the present in- 
vention. Fig. 11 is a partly enlarged view of the device 
shown in Fig. 1 0. Fig. 1 2 is a sectional view taken along 
s allneA-Aof Fig. 11. 

[0066] An Implantable device 1 00 of the embodiment 
has a body 1 and a coating material 1 01 coating the Im- 
plantable tubular device. 

[0067] The body 1 of the Implantable tubular device 
of the present Invention is formed as a substantial tubu- 
lar body and has a deformable portion formed on a pe- 
ripheral surface thereof, with the deformable portion 
forming a predetermined angle with the axial direction 
of the device. At least one part of the outer surface of 

'5 the implantable tubular device of this embodiment is 
coated with a coating material made of an biocompatible 
material, an biodegradable material or synthetic resin. 
Further At least the outer surf ace of the deformable por- 
tion Is entirety coated with the coating material made of 

20 the biocompatible material, the biodegradable material 
or the synthetic resin . More specifically, the entire device 
is coated with the coating material made of the biocom- 
patible material, the biodegradable material or the syn- 
thetic resin. 

25 [0068] The body of the implantable tubular device 1 
Is formed as a substantial tubular body. The body of the 
Implantable tubular device 1 has a diameter so set that 
it can be inserted into a lumen In the human body and 
can dilate radially upon application of a force acting ra- 

30 dialry outwardly from the interior of the tubular body. The 
body of the implantable tubular device has a plurality of 
wavy annular members each formed of a wavy element 
and arranged in the axial direction thereof; and connec- 
tion portions each connecting the adjacent wavy annular 

35 members to each other In the axial direction thereof. The 
wavy annular member has the deformable portion 
formed on a bent portion thereof not connected to the 
other wavy annular members In such a way that the de- 
formable portion crosses the wavy annular member. 

40 [0069] As the body 1 of the Implantable tubular de- 
vice, the implantable tubular device of all of the above- 
described embodiments can be used. In the Implantable 
tubular device of the embodiment, the depth of the 
groove 11 a forming the defomnable portion is not definite 

<s but different according to the diameter and thickness of 
the stent. The depth of the groove 11a is favorably 1 - 
99% of the thickness of the device and more favorably 
5 - 50% thereof. 

[0070] As shown in Figs. 10 and 1 2, the implantable 
so tubular device of this embodiment has a coating material 
formed on the body thereof. 

[0071] It is preferable that the coating material 101 
coats the entire surface (outer surface and inner sur- 
face) of the body 1 of the device. But the coating material 
55 101 may coat a part of the outer surface of the body 1 
or only the outer surface of the deformable portion. 
[0072] The coating material 101 consists of the bio- 
compatible material, the biodegradable material or the 
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synthetic resin. 

[0073] The following synthetic resins can be used to 
form the coating material 1 01 : ethylene-vinyl acetate co- 
polymer, polyester, silicone rubber (RTV rubber), ther- 
moplastic polyurethane, fluorine resin (for example, PT- 
FE, ETFE, thermoplastic fluorine resin), polyolefin (for 
example, polyethylene, polypropylene, low-density pol- 
yethylene, low-density polypropylene), polyester, poly- 
caprolactone, polyvinyl acetate, polycarbonate, poiyim- 
ide carbonate, aliphatic polycarbonate, and mixtures 
thereof. 

[0074] The following biocompatible materials can be 
used to form the coating material 101, provided that 
platelets do not attach thereto easily and that they do 
not stimulate tissue: saccharide, silicone, mixture or 
block copolymer of polyether-type polyurethane and 
dimethyl silicon, polyurethane such as segmented poly- 
urethane, polyacrylamlde, polyethylene oxide, polyeth- 
ylene carbonate, polycarbonate such as polypropylene 
carbonate, polymethoxy ethyl acrylate, polyhydroxy 
ethyl methacrylate, copolymer of hydroxy ethyl methacr- 
ylate and styrene (for example, HEMA-St-HEMA block 
copolymer), and fibrin. 

[0075] The following biodegradable materials can be 
used to form the coating material 1 01 , provided that they 
are decomposed enzymatlcally or non-enzymatlcally 
and a decomposed matter Is not poisonous: polylactic 
acid, polygllcolfc acid, polylactic acfd-polyglicolic acid 
copolymer, porycaprolactone, polylactic atid-polycapro- 
lactone copolymer, polyhydroxybutyric acid, porymalic 
acid, poly a -amino acid, collagen, gelatin, laminin, 
heparan sulfate, flbronectin, vitronectin, chondroitin sul- 
fate, hyaluronic acid, chltln, and chitosan. 
[0076] The deformable portion can be reinforced with 
the coating material 101 coating at least the outer sur- 
face of the deformable portion 11 . Further even though 
the body 1 of the device is broken at the deformable por- 
tion 11 , the coating material prevents a broken portion 
from separating from the body 1 . 
[0077] The thickness of the coating material 1 01 is fa- 
vorably 0.1 - 100|im and more favorably 5pjn - SOjun, 
although Its thickness Is different according to the coat- 
ing material that is used. 

[0078] The coating material Is formed on the body of 
the device by preparing a solution in which a solvent dis- 
solving a coating material-forming material therein with- 
out modifying it, bringing a portion of the body of the 
device on which the coating material is to be formed into 
contact with the solution, and removing the solvent The 
body of the device can be brought Into contact with the 
solution by immersing the body in the solution or apply- 
ing the solution to the body. 

[0079] The implantable tubular device 100 shown in 
Figs. 1 0 and 1 1 has the coating material 101 coating the 
outer surface including the outer surface of the deform- 
able portion 11 of the body 1 of the device and the inner 
surface of the body 1 thereof. As the material for the 
coating material, those described above can be used. 



In the Implantable tubular device 100 of the embodi- 
ment, as shown In Fig. 12, the coating material-forming 
material fills into the groove 1 1 a forming the deformable 
portion 11. The coating material-forming materia! filled 
5 into the groove 11a allows the deformable portion to be 
reinforced without preventing a large amount of defor- 
mation of the deformable portion and also allows the 
coating material to adhere to the body 1 of the device 
firmly. Thus it is possible to prevent the coating material 

10 from separating from the body 1 . Furthermore because 
the portion of the coating material 101 filling into the 
groove is thicker than other portions of the coating ma- 
terial 1 01 . Therefore, if the body 1 of the device is broken 
at the deformable portion 1 1 (groove 11a) in an implant- 
's ing operation, the coating member is hardly broken. 
Thus even though the deformable portion 11 is broken, 
it is possible to prevent a broken portion from separating 
from the body 1. As shown in Fig. 13, the implantable 
tubular device having the groove 11a forming the de- 

20 formabie portion on the outer and Inner surfaces of the 
body thereof may be used. In this case, as shown in Fig. 
13, it is preferable to penetrate the coating material- 
forming material into the groove 1 1 a forming the deform- 
able portion on the outer and inner surfaces of the body 

& of the device. 

[0080] As described above, the body of the implanta- 
ble tubular device Is allowed to undergo a preferable de- 
formation in the case where the body has the groove 
1 1 a forming the deformable portion on the outer and in- 

30 ner surfaces of the body. Further the penetration of the 
coating material-forming material into the groove 1 1 a al- 
lows the deformable portion to be reinforced without pre- 
venting a large amount of the deformation of the deform- 
able portion and also allows the coating material to ad- 

55 hereto the body 1 of the device firmly. Thus it is possible 
to prevent the coating material from separating from the 
body 1 . Furthermore because the portion of the coating 
material 1 01 into which the coating material-forming ma- 
terial penetrates is thicker than other portions of the 

40 coating material 1 01 . Therefore, if the body 1 of the im- 
plantable tubular device Is broken at the deformable por- 
tion 11 (groove 11 a) in an implanting operation, the coat- 
ing member Is hardly broken. 

[0081] The body of the implantable tubular device 
*5 may carry a medicine or a bloprosthetlc material(in other 
words, biosynthesis material, material originated In or- 
gan ism). As the mode of carrying the medicine or the 
bioprosthetic material(in other words, material originat- 
ed inorganism), it is preferable that the implantable tu- 
90 bular device has the coating material carrying the med- 
icine or the bioprosthetic materia!(ln other words, mate- 
rial originated inorganism). But it is possible that the im- 
plantable tubular device does not have the coating ma- 
terial and instead carries the medicine or the biopros- 
55 thetic material{ln other words, material originated Inor- 
ganism) directly. As the mode of allowing the coating 
material to carry the medicine or the bioprosthetic ma- 
terial^ other words, material originated Inorganism), 
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the medicine or the bioprosthetic materia1(in other 
words, material originated Inorganism) Is contained In 
the layer of the coating material or applied to the surface 
thereof. The coating material may be porous. 
[0082] As a favorable mode, a mixture of the medicine 
and the biodegradable material Is essentially applied to 
the outer surface of the body of the device. As a more 
favorable mode, the mixture of the medicine and the bi- 
odegradable material is applied to the entire surface 
thereof. By doing so, after the implantable tubular device 
Is implanted In the human body, the biodegradable ma- 
terial decomposes and the medicine is gradually dis- 
charged from the coating material. Thereby the effect of 
the medicine can be obtained continuously for a certain 
period of time. 

[0083] Fig. 1 4 is a front view of an implantable device 
according to still another embodiment of the present in- 
vention. Fig. 15 is a partly enlarged view of the implant- 
able tubufar device shown in Fig. 14. Fig. 16 Is a sec- 
tional view taken along a line B-B of Fig. 15. 
[0084] The implantable tubular device can carry the 
following medicines: medicine for preventing Intimat hy- 
perplasia, carcinostatfc agent, immunosuppressor, an-. 
tfrlotlc, antirheumatic, antithrombotic drug, HMG-CoA 
reductase Inhibitor, AGE inhibitor, calcium antagonist, 
antf-hyperlipidemia agent, anti-inflammatory agent, In- 
tegrins inhtoitor, antiallergic agent, antioxidant, GP II b 
III a antagonist, retinoids, ffavonoids, carotenolds, lipid- 
improving agent, DNA-synthesIs inhibitor, tyrosine ki- 
nase Inhibitor, antiplatelet agent, vascular smooth mus- 
cle cell proliferution inhibitor, bioprosthetic materia!(in 
other words, material originated inorganism), Interferon, 
and epithelial cell formed by genetic engineering. Mix- 
tures each containing two or more of these agents may 
be used. 

[0085] The following carcinostatic agents are prefer- 
ablervlncristine, vinblastine, vindesine, vlndesine sul- 
fate, trinotecan, irlnotecan hydrochloride, pirarubicin, pl- 
rarubicln hydrochloride, paclltaxel(PTX), docetaxel, do- 
cetaxel hydrate, and methotrexate(MTX). 
[0086] The following immunosuppressors are prefer- 
able: sirofimue, tacrolimus, tacrolimus hydrate, azathio- 
prine(AZP), clcfosporin(CYA), cyclophosphamide, myc- 
ophenolate mofetll, gusperimus hydrochloride, and mt- 
zoriblne. 

[0087] The following antibiotics are preferable: mito- 
mycin, adriamydn(ADM), doxorubicin, doxorubicin hy- 
drochloride(DXR), actinomycin, actinomycin D, dauno- 
rublcin, daunorublcfn hydrochloride, idarublcln, idaru- 
blcin hydrochloride(DNR), pirarubicin, pirarubicin hy- 
drochloride{THP), aclarublcinn. adarubicln hydrochlo- 
ride(ACR), epirubicin, eplrubfcln hydrochloride(EPI), 
peplomycln, peplomycin suJfate(PEP), and zinostatin 
stimalamer. 

[0088] The following antirheumatics are preferable: 
methotrexate(MTX), sodium thlomalate, penicillamine, 
and lobenzarit, lobenzarit disodium. 
[0089] The foOowfn g anti-thrombotte drugs are prefer- 
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able: heparin, aspirin, antlthrombin preparation, ticlopi- 
dine, tidopidine hydrochloride and hirudin. 
[0090] The following HMG-CoA reductase inhibitors 
are preferable: cerivastatin, cerfvastatln sodium, atorv- 
5 astatf n , atorvastatin calcium, nlsvastatin , Itavastatin. flu- 
vastatin, fluvastatin sodium, simvastatin, lovastatin, and 
pravastatin, pravastatin sodium. 
[0091] The following ACE inhibitors are preferable: 
quinapril, quinapril hydrochloride, perindopril erbumine, 
io trandolapril, cllazapril, ternocapril, temocapril hydro- 
chloride, delapril, delapril hydrochloride, ertalapril 
maleate, llsinopril, and captopril. 
[0092] The following calcium antagonists are prefer- 
able: nifedipine, nilvadJpine, dTltlazem, diltlazem hydro- 
's chloride, benidipine, benidipine hydrochloride, and 
nisofdiplne. 

[0093] As the cholesterol-lowering agent, probucol is 
preferable. 

[0094] As the antiallergic agents, tranilast is prefera- 
20 ble. 

[0095] As the retinoids, all trans retinolc acid Is pref- 
erable. 

[0096] As the flavonoids and carotenolds, catechins 
is preferable. 

25 [0097] Particularly, Epigallocatechin gallate, anthocy- 
anlns, proanthocyanicCn, lycopene. and p-carotin are 
preferable. 

[0098] As the tyrosine kinase inhibitors, genistein, 
erbstatin, and Tyrphostfns are preferable. 
so [Q099] As the anti-Inflammatory agents, steroids such 
as dexamethasone and prednisolone are preferable. 
[0100] The following bioprosthetic materiab(in other 
words, materials originated inorganism) are preferable: 
EGF (epidermal growth factor), VEGF (vascular en- 
ds dothelial growth factor), HGF (hepatocyte growth fac- 
tor), PDGF (platelet derived growth factor), and bFGF 
(basic fibroblast growth factor). 
[0101] An implantable device 110 shown In Figs. 14 
through 1 6 has the coating material 111 coating the out- 
40 er surface including the outer surface of the defonmabte 
portion 1 1 of the body 1 of the device and the inner sur- 
face of the body 1 thereof. The coating material contains 
the medicine or the bioprosthetic material(in other 
words, material originated Inorganism) or has the med- 
45 jcine or the bioprosthetic material on its surface. The im- 
plantable tubular device 1 1 0 of the embodiment has the 
coating material 111 made of a mixture of a medicine 
112. As the material for the coating material, those de- 
scribed above can be used. In the implantable tubular 
so devfce 1 1 0 of the embodiment, as shown in Fig. 1 5, the 
coating material-forming material is in penetration into 
the groove 11a forming the deform able portion 11 . The 
penetration of the coating material-forming material Into 
the groove 11a allows the deformable portion to be re- 
55 Inforced without preventing a large amount of deforma- 
tion of the deformable portion and also allows the coat- 
ing material to adhere to the body 1 of the device firmly. 
Thus it t3 possible to prevent the coating material from 
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separating from the body 1. Furthermore because the 
portion of the coating material 111 into which the coating 
material-forming material penetrated is thicker than oth- 
er portions of the coating material 111. Therefore, if the 
body 1 of the implantable tubular device is broken at the 
deformable portion 11 (groove 1 1a) In an implanting op- 
eration, the coating member is hardly broken. Thus even 
though the deformable portion 1 1 is broken, it Is possible 
to prevent a broken portion from separating from the 
body 1. 

[0102] As shown in Fig. 15, the implantable tubular 
device 11 0 of the embodiment has the coating material 
111, composed of a mixture of the biodegradable mate- 
rial and the medicine 112, coating the inner and outer 
surfaces thereof. After the implantable tubular device is 
implanted in the human body, the biodegradable mate- 
rial decomposes and the medicine Is gradually dis- 
charged from the coating material. Thereby the effect of 
the medicine can be obtained continuously for a certain 
period of time. 

[0103] The medicine or the bioprosthetic matertaJ(in 
other words, material originated inorganlsm) Is carried 
by the body of the implantable tubular device by prepar- 
ing a mixed solution containing a solvent which can dis- 
perse the med icine or the bioprosthetic materia! (in other 
words, material originated fnorganism) therein without 
modifying them and which has adherence to the body 
of the Implantable tubular device; and bringing a portion 
of the body of the implantable tubular device on which 
the medicine or the bioprosthetic material^ n other 
words, material originated inorganism) is to be carried 
into contact with the mixed solution. The body of the im- 
plantable tubular device can be brought into contact with 
the mixed solution by Immersing the body thereof In the 
mixed solution or applying the mixed solution to the body 
thereof. 

£0104] As shown in Fig. 17, the implantable tubular 
device may have the coating material 111 made of the 
biocompatible material, the biodegradable material or 
the synthetic resin formed on its surface and further the 
medicine 112 or the bioprosthetic materia!(in other 
words, material originated inorganism) held on the sur- 
face of the coating material 111. 
[01 OS] The implantable tubular device can have the 
coating material 1 1 1 made of the biocompatible materi- 
al, the biodegradable material or the synthetic resin on 
its surface and carries the medicine 112 or the biopros- 
thetic materia l(in other words, material originated fnor- 
ganism) on the surface of the coating material 111 as 
follows: 

Initially, the coating material Is formed on the body 
of the Implantable tubular device by preparing a solution 
in which a solvent dissolving a coating material-forming 
material therein without modifying it, bringing a portion 
of the body of the implantable tubular device on which 
the coating material is to be formed into contact with the 
solution, and removing the solvent. The body of the im- 
plantable tubular device can be brought into contact with 



the solution by Immersing the body thereof in the solu- 
tion or applying the solution to the body thereof. Then, 
in the case where the medicine or the bioprosthetic ma- 
teria((in other words, material originated inorganism) 

s has adhesion to the coating material, a solution consist- 
ing of water in which the medicine or the bioprosthetic 
material(in other words, material originated inorganism) 
is dissolved or dispersed is prepared. In the case where 
the medicine or the bioprosthetic material(In other 

w words, material originated inorganism) does not have 
adhesion to the coating material, the medicine or the bi- 
oprosthetic material(in other words, material originated 
inorganism) is added to a solution containing a material 
which can disperse the medicine or the bioprosthetic 

f£ materialfjn other words, material originated inorganism) 
and which has adhesion to the coating material to form 
a mixed solution. Then, a portion of the body of the Im- 
plantable tubular device on which the medicine or the 
bioprosthetic materialfjn other words, material originat- 

20 ed inorganism) is to be held is brought into contact with 
the mixed solution. The body of the Implantable tubular 
device can be brought into contact with the mixed solu- 
tion by immersing the body thereof in the mixed solution 
or applying the mixed solution to the body thereof. 

25 

EXAMPLE 
Example 1 

so p 106] Grooves were formed on the entire peripheral 
surface of a pipe made of SUS 31 6L having a diameter 
of 1 .44mm, a thickness of 0.095mm by utilizing a laser 
machining method (YAG laser model SL116E manufac- 
tured by NEC). The interval between the adjacent spiral 

33 grooves was 0.1 mm. The depth of the groove was about 
0.02mm. In the laser machining method, the output of 
the laser was 2.35 kW, and the processing speed was 
50mnVmlmute. 

[01 07] The metal p pe having the spiral groove formed 

<to on its surface was mounted on a jig equipped with a ro- 
tating motor and a fastening mechanism to prevent run- 
out of the metal pipe. The Jig was set on a numerically 
controllable XY table. The XY table and the rotating mo- 
tor were connected to a personal computer such that an 

<s output of the personal computer was transmitted to a 
numerical controller of the XY table and the rotating mo- 
tor. A development drawing representing the stent hav- 
ing the structure shown in Fig. 2 was Inputted to the per- 
sonal computer storing a design software. 

so £01 08] TheXY table and the rotating motor were driv- 
en In accordance with design data outputted from the 
personal computer. The pipe was Irradiated with a laser 
beam to machine the pipe into a stent structure having 
the configuration shown In Fig. 1 . 

55 [01 09] As the laser machining condition for the metal 
pipe, current value was 25 A, an output was 1 .5 W, and 
a drive speed was 10 mm/min. The machine is not lim- 
ited to the above-described system but it is possible to 
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20 



use a laser marker of the galvanometer system to be 
driven by a laser machining device. 
[0110] A stent structure having the configuration 
shown in Fig. 1 was prepared in this manner. The stent 
structure was dipped In a stainless steel chemical pol- 
ishing solution at about 98° C for about 10 minutes to 
chamfer and chemically polish the stent structure. The 
chemical polishing solution used in example 1 contained 
a mixture of hydrochloric acid and nitric acid serving as 
a main component, an organic sulfur compound, and a 
surface active agent. The chemical polishing solution is 
commercially available as Sunbit 505 from Sanshin 
Chemical Industry K.K. 

[01 1 1] In this manner, the stent of the present inven- 
tion having the configuration shown in Figs. 1 through 3 
was prepared. The stent had an entire length of 20 mm 
and an outer diameter of 1 .4 mm. The width of a portion 
constituting a wavy element (wavy annular member) 
and a joining portion was 0.12 mm. A connection portion 
had a width 0.03mm and a length of 0.1mm. The stent 
had a thickness of about 0.08mm. 

Comparison Example 

[0112] Except a groove was not formed on the pipe, 
the stent of the comparison example was formed in a 
way similar to that of the example 1 . 



Experiment 1 

[0113] To examine the Influence of the groove (de- 
formable portion) on the flexfoility of the stent, the fol- 
lowing experiments were conducted by using the stent 
of the example 1 and that of the comparison example. 
[0114] Referring to Fig. 9, an undilated stent 90 was 
fixed to a fixing device 91 at a position thereof 10mm 
spaced from the rear end thereof. In this state, a portion 
of the stent 90 in the vicinity of the front end thereof was 
pressed downward with a penetrator 92 to measure a 
load applied thereto when the front end thereof de- 
scended 2mm. The results of the measurement are 
shown In table 1 below. 

Table 1 





Load (g) 


Example 1 


0.77 


Comparison example 


2.60 



[0115] As shown in table 1, the load of the groove- 
unprovided stent of the comparison example was 2.60g, 
whereas that of the groove-provided stent (example 1) 
was 0.77g which was much smaller than 2.60g. This In- 
dicates that owing to the formation of the groove on the 
stent, the stent is allowed to have a much higher flexi- 
bility. 



Example 2 

[0116] A mixed solution was formed from a solution 
containing 5mg of cerivastatin sodium which is an HMG- 

£ CoA reductase inhibitor dissolved in 1 ml of ethanol and 
a solution containing 40mg of polyiactic acid dissolved 
in 4ml of dichloromethane. The stent of example 1 was 
sprayed with the mixed solution of the polyiactic acid 
containing the cerivastatin sodium. That is, the entire 

to outer surface of the stent having the def ormable portion 
was coated with the biodegradable material containing 
the medicine. 



Example 3 

13 

[0117] A solution containing 40mg of polyiactic acid 
dissolved in 4ml of dichloromethane was prepared. The 
stent of example 1 was Immersed in the solution. After 
the stent was pulled upward , it was dried. The stent coat- 
20 ed with the polyiactic acid was prepared. That Is, the 
entire surface of the stent having the def ormable portion 
was coated with the biodegradable material. 

Example 4 

23 

[0118] A mixed solution containing 5mg of EG F which 
was used as a blo prosthetic material (in other words, 
material originated inorgartism) and 40mg of gelatin dis- 
solved in 4ml of water was prepared. The stent of ex- 

30 ample 1 was sprayed with the mixed solution of the gel- 
atin containing the EGF. That is, the entire outer surface 
of the stent having the deformable portion was coated 
with the biodegradable material containing the biopros- 
thetic material (In other words, material originated Inor- 

35 ganism). 

Example 5 

[01 19] 5mg of paclltaxei(PTX) which Is a carcinostatlc 
*o agent and 40mg of silicone were dissolved in 4ml of cy- 
dohexane. The stent of example 1 was sprayed with the 
solution of the silicone containing the pad ftaxel. That is, 
the entire outer surface o1 the stent having the deform- 
able portion was coated with the biocompatible material 
*5 containing the medicine. 

Example 6 

[0120] A solution containing 40mg of silicone dis- 
ss solved In 4ml of cyclohexane was prepared. The stent 
of example 1 was immersed in the solution. After the 
stent was pulled upward, it was dried. That is, the stent 
coated with the silicone was prepared. The surface of 
the stent was sprayed with a solution containing 5mg of 
cerivastatin sodium dissolved in 1 ml of ethanol. The sur- 
face of the stent coated with the silicone was coated with 
the cerivastatin sodium. That is, the entire outer surface 
of the stent having the deformable portion was coated 
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with the biocompatible material coated with the medi- 
cine. 

Experiment 2 

[0121] To examine the Influence of the groove (de- 
formable portion) on the flexibility of the stent, the fol- 
lowing experiments were conducted by using the stent 
of the example 2 through 6 and that of the comparison 
example. 

[0122] Referring to Fig. 9, an undilated stent 90 was 
fixed to a fixing device 91 at a position thereof 10mm 
spaced from the rear end thereof. In this state, a portion 
of the stent 90 in the vicinity of the front end thereof was 
pressed downward with a penetrator 92 to measure a 
load applied thereto when the front end thereof de- 
scended 2mm. The results of the measurement are 
shown in table 2 below 



Table 2 





Load (g) 


Example 2 


1.S3 


Example 3 


1.79 


Example 4 


1.67 


Example 5 


2.03 


Example 8 


2.00 


Comparison example 


2.60 



[0123] Although some preferred embodiments have 
been described, many modifications and variations may 
be made thereto in the light of the above teachings. It is 
therefore to be understood that within the scope of the 
appended claims, the invention may be practiced other- 
wise than as specifically described. 



Claims 

1 . An implantable tubular device formed substantially 
tubular and having a deformable portion formed on 
a peripheral surface thereof, with said deformable 
portion forming a predetermined angle with respect 
to an axial direction of said device and being easy 
to deform In comparison with a remainder part of 
said device. 

2. An implantable tubular device formed as a substan- 
tially tubu tar body having a diameter so set that said 
device can be Inserted Into a human body and ca- 
pable of dilating radially upon application of a force 
acting radially outwardly from an interior of said tu- 
bular body, 

said device comprising: 



22 

a plurality of wavy annular members each 
formed of a wavy element and arranged in an 
axial direction of said device; and 
connection portions each connecting said wavy 
^ annular members to each other In the axial di- 

rection of said device; 

wherein each of said wavy annular members 
has a deformable portion formed on a bent por- 
tion thereof not connected to the other wavy an- 
10 nular members in such a way that said deform- 

able portion crosses said wavy annular mem- 
ber. 

3. An Implantable device according to claim 1 or 2, 
is wherein said deformable portion consists of a 
groove formed on an Inner surface of said device or 
on an outer surface thereof or on both said inner 
and outer surfaces thereof. 

20 4. An implantable device according to claim 3, wherein 
a depth of said groove is set to 5 - 50% of a thick- 
ness of said device. 

5. An implantable device according to any one of 
25 claims 1 through 4, wherein said deformable portion 

forms 20 - 90° with the axial direction of said device. 

6. An implantable device according to any one of 
claims 1 through 5, wherein said deformable portion 

to is formed in a plural number; and so formed that 
when said deformable portion is prolonged, said de- 
formable portion continuously goes around a pe- 
riphery of said device. 

35 7. An implantable device according to any one of 
claims 1 through 5, wherein said deformable portion 
is so formed that when said deformable portion is 
prolonged, a spiral Is formed on the periphery of 
said device. 

40 

8. An Implantable device according to any one of 
claims 1 through 7, wherein said deformable portion 
is formed entirely on said device. 

is g. An Implantable device according to any one of 
claims 1 through B, wherein said deformable portion 
is formed In a plural number and an interval be- 
tween said deformable portions in the axial direction 
of said device is 0.01 - 1 mm. 

so 

10. An implantable device according to any one of 
claims 1 through 9, wherein said device consists of 
a stent or a stent graft. 

SB 11. An implantable device according to any one of 
claims 1 through 10, wherein said device is formed 
by the step of forming a spiral deformable portion- 
provided tubular body by connecting axiaily adja- 
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cent coiled wire members to each other directly or 
Indirectly and the step of removing a portion of said 
tubular body other than a portion thereof which is to 
be formed as said device. 



lar smooth muscle cell proliferation inhibitor, an anti- 
inflammatory agent, a bioprosthetfc material or In- 
terferon. 



5 



12. An Implantable device according to any one of 
claims 1 through 10, wherein said device is formed 
by the step of forming an annular deformable por- 
tions-provided tubular body by directly or indirectly 
connecting ring members so disposed parallel to ?0 
each other as to form a cylindrical shape and the 
step of removing a portion of said tubular body other 
than a portion thereof which is to be f ormed as said 
device. 



1 3. An implantable device according to ciaim 3, wherein 
a depth of said groove is set to 1 - 99% of a thick- 
ness of said device. 

14. An implantable device according to any one of so 
claims 1 through 13, wherein said device canies a 
medicine, a bioprosthetic material or a biosynthesis 
material. 

15. An implantable device according to any one of 25 
claims 1 through 13, wherein at least one part of the 
outer surface of said device is coated with a coating 
material made of a biocompatible material, a biode- 
gradable material or a synthetic resin. 



16. An implantable device according to any one of 
claims 1 through 1 3, wherein at least one part of an 
outer surface of said deformable portion is coated 
with a coating material made of a biocompatible ma- 
terial, a biodegradable material or a synthetic resin. 35 

17. An implantable device according to dalm 15 or 16, 
wherein said coating material carries a medicine, a 
bioprosthetic material or a biosynthesis material. 



18. An Implantable device according to claim 15 or 16, 
wherein said coating material is formed of a biode- 
gradable material to which a medicine, a biopros- 
thetic material or a biosynthesis material is added. 



19. An Implantable device according to claim 14, 17 or 
18, wherein said medicine contains at least one 
pharmaceutical selected from the group consisting 
of a medicine for preventing intimal hyperplasia, a 
cardnostatic agent, an immunosuppressor, an an- 50 
tibiotic, an antirheumatic, an antithrombotic drug, 
HMG-CoA reductase inhibitor, an ACE Inhibitor, a 
calcium antagonist, an antl-hyperilpidemia agent, 
anti-inflammatory agent, an integrins Inhibitor, an 
antiallergic agent, an antioxidant, a GP II b III a an- ss 
tagonist, retinoids, flavonolds, carotenoids, a lipld- 
improving agent, a DNA-synthesls Inhibitor, a tyro- 
sine kinase Inhibitor, an antiplatelet agent, a vascu- 
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FIG. 1 




Patent provided by Sughrue Mion, PLLC - http .sughrua.com 



PAGE 54768 ' RCVD AT 4/8/2008 1:14:17 PM [Eastern Daylight Time] * 6VR:USPTO-EFXRF-3/4 * DN!S:2738300 " CSID:6 173874656 • DURATION (mm-ss): 34-44 



04/06/2006 THU 13:44 FAX 6173674656 



J80 55/06B 



EP1 159 934 A2 



FI6. 2 




Patent provided by Sughrue Miog. PLLC - http^/www^ughme.com 



PACE 55/68 • RCVD AT 4/672008 1 :14:17 PM [Eastern Daylight Time] ■ 8VR:llSPTO-EFXRF-3/4 * DN1S:2738300 • CBID:6 173674656 - DURATION (mm-ss):34-44 



04/06/2006 THU 13:45 FAX 6173674656 E1056/068 



EP 1 159 934 A2 




Patent provided by Sughrue Miyg. PLLC - http://www.sughrue.com 



PAGE 58/68 - RCVO AT 4/6/2008 1:14:17 PM [Eastern Daylight TimeJ * SVR:USPTO-EFXRF-3/4 ■ DNIS:2738300 • 0810:6173874668 • DURATION (mm-ss):34-44 



04/06/2006 



THU 13: 45 



FAX 6173674656 



121 057/0 68 



i 
i 

EP1 159 934 A2 

FIG.4 




Patent provided by Sughrue Mio^. PLLC - http.7AAAvw.sughrue.oom 



PAGE 57/68 ■ RCVD AT 4/6/2008 1 :14:17 PM (Eastern Daylight Time] * SVR:USPTO-EFXRF-3/4 • DNIS:27383O0 ■ CSID:61 73874658 ■ DURATION <mm-ss):34-44 



04/06/2006 THU 13t45 FAX 6173674656 



(21058/068 



EP1 159 934 A2 

FIG. 5 




Patent provided by Sughrue Mioo, PLLC - httpVAvww.sughrue.cxxn 



PAGE 58/68 • RCVD AT 4/6/2006 1:14:17 PM [Eastern Daylight Time] " 8VR:USPTO-EFXRF-3/4 * DNIS:2738300 • C61D:6 173874856 • DURATION (mm-ss):34-44 



04/06/2006 THU 13:46 FAX 6173674656 0059/068 



EP 1 159 934 A2 



FIG. 6 




Patent provided oy SugJvue Mjpg, PLLC - http://www.sughrue.com 



| PAGE 59/68 * RCVD AT 4/672008 1:14:17 PM [Eastern Daylight Time] " 6VR:USPTO-EFXRF-3/4 • DN1S: 2738300 • C8ID:61 73674658 * DURATION (mnvss):34-44 



04/06/2006 THU 13:46 FAX 6173674656 



(2)060/068 



EP1 159 934 A2 



FIG. 7 




Patent provided by Sughrue Mjgg, PLLC - htipVAftAAav.sughiuB.com 



PACE SORB.* RCVD AT 4/6/2006 1:14:17 PM (Eastern Daylight TImeJ • SVR:USPTO-EFXRF-3/4 • DN1S:2 738300 ' CSID:61 73674658 • DURATION (mm-ss): 34-44 



04/06/2006 THU 13:46 FAX 6173674656 



(2)061/066 



BP 1 159 934 A2 



FIG. 8 




Patent provided by Sughrue M}go, PLLC - httpyAMww.sughrve.com 



PAGE 61/68 ' RCVD AT 4/6/2008 1:14:17 PM (Eastern Daylight Time] * SVR:USPTO-EFXRF-3/4 * DNIS: 2738300 • CSID:61 73674656 • DURATION (mm-ss): 34-44 



04/06/2006 THU 13:46 PAX 6173674656 



E106 2/06 8 



| 

EP 1 159 934 A2 




Patent provided by Sughruo Mioo, PLLC - http7Avww.sughnje.com 



PAGE 82/68 ■ RCVD AT 4/6/2008 1:14:17 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRF-3/4 • DNIS:2738300 • C6ID.61 73874858 • DURATION (mrn-ss):34~44 



04/06/2006 THU 13:47 FAX 6173674656 



(2)063/068 



EP1 159 934 A2 



FIG. 10 




Patent provided by Sughrua Mgg. PLLC - http://wvww.sughrae.Gom 



PAGE 63/68 • RCVD AT 4/6/2008 1 :14:17 PM (Eastern Daylight Time] • 8VR:USPTO-EFXRF-3/4 • DNIS: 2 738300 • CSID:61 73874668 " DURATION (mm^s).34^4 



04/06/2006 THU 13: 47 



PAX 6173674656 



(2)064/068 



EP1 159 934 A2 



FIG. 11 




A 



Patent provided by Sughrue Mton ( PLLC - http://wvinw.sughnje.cam 



PACE 64/68 • RCVD AT 4/6/2006 1:14:17 PM [Eastern Daylight Time] - SVR:USPTO-EFXRF-3/4 • DNIS:2738300 • CSID:6 173874658 • DURATION (mnvss):34-44 



04/06/2006 THU 13:47 FAX 6173674656 



13065/068 



EP 1 159 934 A2 



FIG. 12 




S 



100 



11a 1 




Patent provided by Sughrue Mjnn, PLLC - http://www.sijghrue.com 



PAGE 65/68 ■ RCVD AT 4/6/2008 1:14:17 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRP-3/4 * DNIS: 2738300 • CS1D:61 73674658 • DURATION (mm-ss):34-44 



04/05/2006 THU 13:47 FAX 6173674656 



(2)066/066 



BP 1 159 934 A2 



FIG. 14 




Patent provided by Sughrue Migg, PLLC - http://www.sughnje.com 



I PAGE BB/68 • RCVD AT 476/2008 1:14:17 P M [Eastern Daylight Time] * 8VR:USPTO-EFXRF-3M • DNIS:2738300 ■ C SID: 61 73874658 • DURATION (mnvss): 34-44 



04/06/2006 THU 13:47 PAX 6173674656 



12)067/068 



EP1 159 934 A2 



FIG. 15 




110 



FIG. 16 




110 



11a 112 1 



Patent provided by Sughrue Mig^. PLLC - httpi/Avww.sughnje.conri 



_PAGE 67/68 ■ RCVD AT 4J6J2008 1:1 4:17 PM [Eastern Daylight Time]' SVR:USPTO-EFXRF-3/4 • DNIS:2738300 ■ CSIO:61 73674858 • DURATION (mm-SS): 34-44 



04/06/2006 THU 13:48 FAX 6173674656 



0068/068 



EP1 159 934 A2 




11a 112 1 



Patent provided by Sughrue Mjg. PLLC - http-VAwww^ughrue.com 



PAGE 68ffi8 * RCVD AT 4/6/2008 1:14: 17 PM fEastem DaytlgM Timel ' SVR:USPTO-EFXRF-3i4 * DN1S: 2738300 • C8ID:6 173874656 • DURATION (mnvss):34-44 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 




LINES OR MARKS ON ORIGINAL DOCUMENT 



